We have investigated the paths taken by Budgerigars while flying in a tunnel. The preferred flight trajectories of nine Budgerigars (Melopsittacus undulatus) were reconstructed in 3D from high speed stereo videography of their flights in an obstacle-free tunnel. Individual birds displayed highly idiosyncratic flight trajectories that were consistent from flight to flight over the course of several months. We then investigated the robustness of each bird's trajectory by interposing a disk-shaped obstacle in its preferred flight path. We found that each bird continued to fly along its preferred trajectory up to a point very close to the obstacle before veering away rapidly, making a minimal deviation to avoid a collision, and subsequently returning to its original path. Thus, Budgerigars show a high propensity to stick to their individual, preferred flight paths even when confronted with a clearly visible obstacle, and do not adopt a substantially different, safer route. Detailed analysis of the last-minute avoidance manoeuvre suggests that a collision is avoided by restricting the magnitude of the optic flow generated by the obstacle to a maximum value of about 700 deg/sec. The robust preference for idiosyncratic flight paths, and the tendency to pass obstacles by flying above them, provide new insights into the strategies that underpin obstacle avoidance in birds. It could also have wide-ranging implications for conservation efforts to mitigate collisions of birds with man-made obstacles -especially obstacles that are poorly visible, such as wind turbines or buildings with glass facades. Our findings indicate that care needs to be exercised to ensure that newly planned structures are not located near major bird flyways, wherever possible, and to ensure that the positioning takes into consideration the cues and behaviours that birds use to avoid such obstacles.
: Experimental setup. Birds were trained to fly from point a to b, and from b to a. The mean preferred path for each bird (dashed black line) was calculated by analysing 5 flights (color lines). An obstacle (a blue disk, diameter 41cm) was then placed in the tunnel to obstruct the preferred path of each bird, and the flights were re-filmed. The flights were recorded using four synchronised high-speed cameras (C1-C4), mounted on the side walls. The figure is not to scale. [Batschelet, 1981] . The Rayleigh test [Batschelet, 1981] was used to obtain 150 a P value for ascertaining whether the distribution of clearing directions, 151 across all birds, was significantly different from random. In the obstacle-free flights (round 1) we noticed a high propensity for 155 individual birds to stick to specific flight paths. This is illustrated in Figure 2 , 156 which shows the mean horizontal position (Figure 2a ) and the mean vertical nearest neighbour distance compared to a set of flights selected randomly 163 across the population (see row 1, Table 1 ), indicating that each bird indeed 164 tended to stick to its preferred flight path. The tendency of each bird to fly a fixed path was evident for flights 166 in both directions in the obstacle-free tunnel. This is illustrated in Figure   167 3, which shows the mean position of each bird in the cross section of the 168 tunnel (from the bird's viewpoint), during its flights in the forward and the 169 reverse directions in round 1. The mean positions are very similar for the 170 flights in the two directions -the average distance between these positions is 19.89 ± 9.54 cm (SD). This further confirms the robustness of each bird's neighbour distance compared to a set of flights selected randomly across the 177 population (see row 2, Table 1 ), indicating that each bird maintained a robust given bird has a significantly smaller nearest-neighbour distance compared 261 to a set of flights selected randomly across the population (see row 3, Table   262 1), indicating that each bird tends to stick largely to its preferred flight path 263 when avoiding the obstacle. Figure 9 shows the difference between the mean radial distance profiles for 276 the obstacle-free flights (round 2) and the obstacle flights shown in Figure   277 8, normalised to a value of 100. During the initial phase (-6 m to -2 m, 278 highlighted by the yellow rectangle) the difference between the two profiles is speed, however, is also significantly lower than that of the radial separation Coefficients of variation % Figure 11 : Mean coefficient of variation (%), computed as in difference in our experiment is that the observed stereotypical behaviour is 377 likely embedded in an intrinsic motor pattern that is not associated with 378 external landmarks -given that the environment presented to our birds was 379 largely devoid of landmarks, the flights were short, and the goal was always 380 in view.
381
This raises the question as to why the birds show this kind of stereotyp-382 ical behaviour. It is important to note that the individual birds' preference 383 was consistent over small time scales, and also remained largely consistent 384 over larger time scales (8 months). But, with no alterations made to the ex-385 perimental setup, the most likely reason for the slight changes in preference 386 displayed by some of the birds (over 8 months) would have to do with the 387 bird itself. As to why only some birds change their preference, we can only 388 guess. If we assume -and this is currently our best guess -that the flight 389 path preference is associated with the position that the bird would take up 390 if it were flying in a flock, then the reason for a change in preference could 391 be related to a change in the hierarchical order of the birds. Unfortunately,
392
we could not test this possibility as it was not feasible, given the constraints 393 of the tunnel, to release all birds simultaneously. However, this would be an
